The effect of age on the haemodynamic response to tracheal intubation was studied. Ninety ASA 1 or 2 patients were divided into three groups of 30 each based on age; i.e., young (18-25 years), middle-aged (40-50 years) and elderly (65-80 years). The haemodynamic response after tracheal intubation was observed as percentage change in heart rate and blood pressure compared to the baseline. Inter-group comparison was also done at different time points. The greatest percentage change in the systolic arterial pressure after tracheal tube insertion was seen in the elderly group (15%). The increase in systolic arterial pressure was significantly less in the young group compared with the two older groups at one, two, three and four minutes post-intubation. The greatest percentage increase in the diastolic blood pressure compared to the baseline was seen in the middle aged group (24%). The elderly and young patients showed a significant difference in the diastolic blood pressure response only at one minute post-intubation. The heart rate response was greatest in the middle-aged patients (40%) and least in the elderly (16%). These differences may have clinical significance and should be considered in assessing and performing research into the haemodynamic response to intubation.
Reflex sympathetic discharge associated with laryngoscopy and tracheal intubation results in increased systolic (SAP), diastolic (DAP) and mean arterial (MAP) blood pressure, heart rate and catecholamine levels 1, 2, 3 . The ageing process affects the myocardium, blood vessels, preload (diastolic filling), afterload (impedance), coronary blood flow and the autonomic system, which can modify the vascular responses related to tracheal intubation in the elderly. The correlation between age and this response was previously studied by Bullington and colleagues in 1989 who found that baseline systolic and mean blood pressure increased significantly with age but there was no correlation between age and mean arterial pressure following tracheal intubation 4 .
Although there have been several studies on the attenuation of the haemodynamic response, the effect of age on the response has not been adequately investigated. The aim of the current study was to examine and compare the haemodynamic changes associated with laryngoscopy and tracheal intubation in three age groups; young adults, middle-aged and elderly patients.
MATERIALS AND METHODS
The study was approved by the Human Subject Protection Committee of the university and informed consent was gained from the patients. Ninety adult patients, American Society of Anesthesiology (ASA) Class 1 and 2 of either sex, undergoing elective surgical procedures requiring tracheal intubation were recruited. A careful preoperative cardiovascular examination was conducted. Exclusion criteria included patients with a history of hypertension, hypovolaemic patients or those with persistent preinduction blood pressure of more than 160 mmHg systolic and 90 mmHg diastolic (blood pressure readings taken after a stabilization period of five minutes in the operating room). Patients receiving any preoperative cardiovascular medication which was likely to affect the heart rate or blood pressure response (e.g., beta adrenergic blockers or calcium channel blockers) were excluded. Patients with a history of previous cardiovascular pathology, those at risk of aspiration, those with anticipated difficult intubation, or requiring more than one attempt at intubation during a previous anaesthetic, and underweight patients with body weight less than 45 kg were also excluded.
Recruitment to the trial was based on the eligibility criteria and consecutive patients who fulfilled the criteria were approached. After consenting, patients were stratified into three groups according to age [Group Y (young) 18-25 years, Group M (middleaged) 40-45 years and Group E (elderly) 65-80 years]. Thirty patients were enrolled in each group.
Midazolam 7.5 mg was given orally as premedication sixty minutes prior to induction of anaesthesia. On arrival in the operating room, baseline readings of systolic, diastolic and mean arterial pressure and heart rate were recorded after a stabilization period of five minutes. Ringer's lactate infusion was started at 5 ml/kg/h. The CM5 ECG lead, oxygen saturation and end-tidal carbon dioxide were monitored continuously (Datex Cardiocap monitor).
Pethidine 0.8 mg/kg was administered intravenously over ten seconds prior to induction. After preoxygenation via a Magill circuit at a flow rate of 8 l/min, anaesthesia was induced with thiopentone 4 to 5 mg/kg given over thirty seconds, followed by vecuronium 0.1 mg/kg and nitrous oxide 66%, oxygen 33% and halothane 0.5%. Manual ventilation was commenced at the onset of apnoea. Tracheal intubation was performed three minutes after administration of vecuronium within a standardized time period of 15-30 seconds. A size 8 red rubber tracheal tube was used in females and size 9 in males. Laryngoscopy was performed by the chief investigator in all cases using a Macintosh laryngoscope blade size 3. Blood pressure was measured noninvasively by an automatic oscillometer (Datex Cardiocap). Heart rate and blood pressure were measured one minute after pethidine injection, at one minute prior to induction, one minutely for three minutes after induction, then minutely for five minutes following intubation, then at 10 minutes after intubation. The response variable was taken as both an absolute and a percentage change in heart rate, systolic, diastolic and mean blood pressures.
Sample size and Statistical Analysis
Thirty patients per group were required to demonstrate a twenty per cent difference in blood pressure or heart rate value at α=0.05 and a power of 80 per cent. The response variable was taken both as absolute change and as the percentage change in the measurement of heart rate and blood pressure at any time compared with that of the baseline.
The statistical design was the repeated measure design with "Age group" as the between-subject factor and "time" as the within-subject factor. Repeated measures (ANOVA) were used to see the effect of the two factors. Tukey's multiple comparison was used to compare the effect of age group, separately at each time interval and the effect of time separately at each age group. The analysis was done on SAS (Statistical Analysis System) version 6.12 computer package (SAS Institute Inc., Cary, NC, U.S.A.). A P value of less than 0.05 was taken as significant.
RESULTS
The three groups were comparable with respect to weight, and gender distribution.
The baseline haemodynamic values are shown in Table 1 . The baseline data showed the increase in blood pressure associated with advancing age and the baseline values of systolic, diastolic and mean blood pressure in the elderly to be significantly different compared to the other two groups.
No difference in the baseline heart rate was observed in the three groups. After tracheal intubation maximum positive percentage change in the heart rate (39%) was seen in the middle-aged group 609 at one minute. The response was significantly higher compared to the elderly group for the rest of the study period (P<0.05). The response was also significantly different from the young group at two minutes post-intubation (P<0.05). Younger patients showed a heart rate response between the middle-aged and elderly groups. It was significantly more than the elderly group at one, two, three and four minutes post intubation (P<0.05) but not thereafter.
HAEMODYNAMIC RESPONSE TO INTUBATION
After induction, the greatest decrease in systolic blood pressure was seen in the young group but this was less than 15% of baseline. There was no significant difference between the young and middle-aged group, but the decrease in both groups was significantly greater than in the elderly group. After tracheal intubation, the greatest increase in systolic blood pressure (15% change from baseline) was seen in the elderly and the least in the young group (7%). There was a significant difference in systolic blood pressure between the young and the middle-aged group at one, two, three and four minutes postintubation. There was also a significant difference between the young and elderly groups at one, two, three, four and five minutes post intubation. No significant difference was observed between the middle-aged and elderly groups.
Diastolic blood pressure following induction showed a greater decrease in the young age group but the fall was not more than 15%. Pre-intubation, the only significant difference was between the young and middle-aged group at three minutes after induction. Post-intubation, the greatest increase compared to baseline was seen in the middle-aged group (24%) and the least in the elderly (13%). A statistically significant difference was seen between the young and middle-aged groups at one, two, three, four and five minutes post-intubation. A significant difference between the young and elderly groups was only seen at one minute post-intubation. The middle-aged and elderly groups showed a statistically significant difference for the first five minutes after intubation. No statistically significant difference was observed among the three groups in the mean blood pressure throughout the study period.
No dysrhythmias or gross S-T segment changes were observed in either group.
DISCUSSION
A number of anatomical and physiological changes affecting the respiratory and the cardiovascular system occur with ageing. These may influence the haemodynamic response to tracheal intubation. Absence of dentition and the presence of alveolar bone resorption can make mask ventilation more difficult leading to alterations in blood gases with haemodynamic consequences. Temporomandibular joint dysfunction may reduce the mobility of the mandible, and cervical arthritis may reduce neck mobility, resulting in increased force being used for glottic exposure. The force used for anterior displacement of the glottis by the laryngoscope has been shown to be the main aetiological factor in the blood pressure response to laryngoscopy 3 .
Ageing also leads to fibrosis of the media and loss of elasticity in major vessels resulting in reduced arterial compliance, increased afterload and elevated SAP. In the absence of disease DAP remains unchanged or decreases 4, 5 . Cardiac output itself is not affected by ageing 6 . Studies in exercise physiology show that ageing reduces the maximal heart rate and ejection fraction 7 . This has been explained on the basis of age-related decrease in target organ responsiveness despite serum catecholamine levels exceeding those seen in younger patients 8 . This can be due to a reduced number of receptors, reduced receptor activity or declining maximal end organ function.
Gribbin and colleagues 9 showed a progressive decrease in baroreceptor activity associated with advancing age and rising systolic blood pressure. Mankikar 10 supports the view that the age-related decline in baroreflex activity is the direct result of increased arterial stiffness. This decreased activity should lead to less reflex-mediated response of the heart to intubation. Our results do not support this. Work by other investigators 11, 12 has also shown that human ageing does not significantly affect the efferent sympathetic function, and that decrease in baroreflex activity in healthy elderly subjects is not associated with reduced brainstem vagally or sympathetically mediated cardiovascular response to stress. The carotid sinus has also been described as becoming increasingly sensitive with advancing age 10, 13 .
O'Mahony 14 has highlighted this complex relationship between reduced baroreflex activity and an increased baroreflex gain, chronic progressive loss of arterial compliance in the barosensitive carotid sinus and aortic arch structures resulting in a progressive decline in afferent baroreflex neural traffic. The reduced chronotropic response in the elderly has also been observed in response to drugs 15 .
It has also been suggested that parasympathetic control of the sinus node decreases with ageing 16, 17 . This is manifested as attenuated respiratory sinus arrhythmia in the elderly.
The catecholamine and haemodynamic response related to tracheal intubation in relation to age was initially studied by Bullington and colleagues in 1989 8 . They found a lesser chronotropic response in the elderly but no difference in the blood pressure response between the middle-aged and elderly P Pe er rc ce en nt ta ag ge e c ch ha an ng ge e f fr ro om m b ba as se el li in ne e M Mi in nu ut te es s a af ft te er r e en nd do ot tr ra ac ch he ea al l i in nt tu ub ba at ti io on n M Mi in nu ut te es s a af ft te er r i in nd du uc ct ti io on n 1 1 m mi in n a af ft te er r a an na al lg ge es si ia a patients 8 . The findings in our study confirm the decreased chronotropic response in the elderly group but there were important differences observed in the blood pressure response between the age groups. The elderly and middle-aged patients in our study showed an exaggerated systolic arterial pressure response in comparison to the young group. The greatest rise was seen in the elderly group. In contrast, diastolic blood pressure increased most in the middle-aged group and least in the elderly. No significant difference was seen in the three groups when mean arterial pressures were compared.
There are several important differences between Bullington's study 8 and ours. Firstly, their study patients received intramuscular atropine 0.4 mg sixty minutes before induction. The age-related variation in clearance of atropine may have affected the response in a variable manner. Secondly, we used vecuronium, a more cardiostable muscle relaxant, instead of suxamethonium as in the Bullington study.
Choice of analgesic agents can also affect the response 18 . A criticism of our study could be the selection of pethidine as an intraoperative analgesic. Shorter-acting opioids like fentanyl are more cardiostable and are commonly used, but are not available in many developing countries (including ours). It is possible that pethidine could have affected the blood pressure or heart rate because of its atropine-like effect, but we tried to standardize the effect by using the same mg/kg dose in all groups. Protocols using other opioids such as fentanyl may produce different results. The variation in thiopentone dose used (between 4 to 5 mg/kg) might also be criticized. This variability in the protocol allowed a clinically similar "sleep" dose to be administered to the wide range of patients studied, following standard midazolam premedication and intravenous pethidine. The variability in thiopentone dose could potentially have influenced the results. The intravascular volume status of the patient can also affect the response. We tried to control this variable by excluding dehydrated or hypovolaemic patients and by standardizing the fluid volume given at induction.
An additional criticism of our study could be the use of percentage change from the baseline values instead of using actual values for statistical analysis. The data analysis in the protocol was planned for both absolute values and percentage change from the baseline. Since the baseline systolic, diastolic and mean blood pressure values in the elderly group turned out to be significantly different from the other two groups, the percentage changes from the baseline data became more meaningful as compared with absolute change.
The rise in SAP related to age is easy to explain on the basis of pathophysiological changes related to ageing and development of atherosclerosis 4 . The DAP response was seen to be higher in the middleaged group compared to the elderly. This finding is in agreement with more recent studies done on patterns of age-related changes in blood pressure. In a study of 2036 participants Franklin and colleagues found that there was a linear increase in SAP from age 30 to 84 years. After the age of 50, the DAP declined, pulse pressure rose sharply and MAP levelled off whereas SAP still showed a linear increase. They explained the fall in DAP on the basis of increased predominance of large artery stiffness 5 . Our study confirms these findings and the differing blood pressure response between middle-aged and elderly subjects is a reflection of this aspect of ageing. Our study also demonstrated that the changes in opposite directions in SAP and DAP resulted in a relatively unchanged MAP. The clinical significance of these differences in systolic, diastolic and mean blood pressure responses with ageing is uncertain.
The greatest increase in heart rate was observed in the middle-aged group in our study. The lesser chronotropic responses in the elderly have been explained by the loss of sensitivity to cardiac betaadrenergic stimulation in spite of higher noradrenaline levels 6 . There may be a period of receptor hypersensitivity in middle age resulting in greater chronotropic response than in the younger patients. An alternative explanation could be that the response between the groups is different because of variation in the balance between sympathetic and parasympathetic outflow.
Our study has some important clinical implications regarding the importance of age while studying the intubation response. Most studies on this subject group the young and middle-aged patients together 19, 20 , or include all three age groups as a single entity 21 . It also has implications in differing approaches which should be taken in treating the hypertensive response in middle-aged and elderly patients. Methods based on peripheral vasodilators in combination with beta-blockers may be best suited to middle-aged patients who show a higher chronotropic and DAP response, whereas a vasodilator alone could be a better choice in the elderly patients.
In conclusion, we have shown that elderly patients had the greatest SAP response but the least chronotropic response following tracheal intubation, whereas middle-aged patients had the greatest heart rate and DAP response. This has clinical implications
